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Thlaspi cjjenjles cens Subspec ies for Cadmium and Zinc 



Statement as to Rights to Inventions Made Under 
Federally-Sponsored Research and Development 

Part of the work performed during development of this invention utilized 
U.S. Government funds. The U.S. Government has certain rights in this 
invention. 

Field of the Invention 

The invention relates to plants that hyperaccumulate cadmium and zinc 
and the use thereof to recover cadmium and zinc from soil. 

Related Art 

Industrial practices such as mining, smelting, and disposing of 
manufacturing wastes have increased the concentration of toxic metals in the 
environment. For example, at many zinc mining and smelting sites, levels of zinc 
and cadmium in soil have become so high that few plants survive, resulting in 
severe disruption of local ecosystems. Once zinc and cadmium enter the soil, 
their removal is difficult since they are relatively immobile, and do not degrade 
into less toxic substances. The size of areas affected by smelter and mine wastes 
are usually so large that engineering methods of soil remediation, such as soil 
removal and replacement, are too expensive to be practical (Cunningham et aL, 
Trends Biotechnol 73:393-397 (1995)). 

The ability of certain plant species to grow in metal-contaminated soil, 
and to actively accumulate heavy metals in their tissues, has created an interest 
in using such plants to extract metals from soil to recover the metals and/or to 
decontaminate the soil. For example, hyperaccumulators can be used to reduce 
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the level of cadmium in rice paddies deposited from mine wastes. Prolonged 
consumption of rice grain produced on contaminated fields can harm human and 
animal health even if the cadmium concentration is low. A concentration as low 
as about 1 .0 ppm Cd can cause harm if the rice is grown on soil with little ability 
to adsorb Cd. In addition, high levels of soil metals deposited by, for example, 
an industrial accident, can be removed using hyperaccumulators. Such removal 
would be economically feasible. 

Growing plants, including crops, on contaminated soil to extract 
contaminants is referred to as phytoextraction. This method is particularly 
effective in arable contaminated soils because it causes little disruption or 
dispersal, while preserving soil fertility and landscapes. 

It has long been known that certain types of soil and geological materials, 
including serpentine, lateritic serpentine, ultramafic and meteor-impacted soils 
are rich in nickel and cobalt and other metals. These soils can be conventionally 
mined or cultivated with metal-accumulating plants. Using plants to extract 
metals from such mineralized (geogenic) soils is referred to as phytomining. 

Thlaspi caerulescens (alpine pennycress), a non-crop member of the 
Brassicaceae family, is zinc- and cadmium-tolerant and can accumulate 
exceptionally high levels of both metals in its shoot tissue. However, the 
usefulness of T. caerulescens for soil remediation is thought to be limited by its 
small size (about 15 cm high), slow growth rate and rosette growth habit which 
would make mechanical harvesting difficult. Dry weight yield over a 6-month 
growing season has been estimated at 5 t ha" 1 (Chaney et aL, Current Opinion in 
Biotech 8: 279-284 (1 997)). Based on the results of preliminary greenhouse and 
field studies, the time required for phytoremediation of zinc-contaminated soils 
using T. caerulescens has been estimated to be between 13 and 28 years. 

Brown etal, Soil Set Soc. Am. J. 59:125-133 (1995), performed a 2-year 
field study in which T. caerulescens, Silene vulgaris (bladder campion, a zinc- 
tolerant non-hyperaccumulator) and lettuce were grown to maturity or for 2.5 to 
4.5 months on plots which had received three different biosolids treatments at least 



WO 00/31308 



-3- 



PCT/US99/27731 



1 3 years previously. The pH of each plot was adjusted to two levels (about pH 5.0 
and about pH 6.5) such that full plots existed in the field for lower and higher soil 
pH. Three replications of each plot were cropped for the study. The metal 
contents of the biosolids-treated soils were 119, 144 and 181 mg/kg Zn and 1.0, 
3.0 and 5.5 mg/kg Cd, respectively. Shoot zinc concentration was highest in T. 
caemlescens with a maximum of 4440 mg/kg. The cadmium concentration of T. 
caerulescens, which reached a maximum of 28 mg/kg on the soil with the highest 
metal concentration and the lowest pH, was not significantly different from that 
of lettuce, but was higher than that of S. vulgaris (18 mg/kg Cd). However, the 
authors suggested that S. vulgaris may be the better choice for phytoremediation 
of cadmium because, although it accumulated a lower concentration of cadmium 
in its shoot tissue than T. caerulescens, the more vigorous growth of S. vulgaris 
would make it easier to establish and harvest. 

Baker et aL, "In situ Decontamination of Heavy Metal Polluted Soils Using 
Crops of Metal-accumulating Plants - A Feasibility Study/' in In Situ 
Bioreclamation: Applications and Investigations for Hydrocarbon and 
Contaminated Site Remediation, R.F, Hinchee and R.F. Olfenbuttel (eds.), 
Butterworth-Heinemann, Boston, MA, pp, 600-605 (1991), conducted a 
greenhouse study in which three hyperaccumulators (Thlaspi caerulescens, 
Alyssum lesbiacum and Alyssum murale) and three non-hyperaccumulators 
(Brassica oleracea (cabbage), raphanus sativus (radish) and A rabidopsis thaliana) 
were grown for 5 weeks on soil to which high-metal sewage sludge had been 
applied from 1942 to 1961, resulting in a metal content of 380 mg/kg Zn and 1 1 
mg/kg Cd, both in excess of European (EEC) regulatory levels, i.e., 300 mg/kg Zn 
and 3.0 mg/kg Cd. However, the hyperaccumulator plants did not accumulate 
economically useful levels of metals from the contaminated soil. For example, the 
zinc content in T. caerulescens leaves was about 2000 mg/kg dry weight and the 
cadmium content was about 20 mg/kg dry weight. 

In a field study, Baker et aL, Resources, Conservation and Recycling 
] 7:41-49 (1994), grew six hyperaccumulator species, including two populations 
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of T. caerulescens, and three non-accumulator species, including Brassica napus 
(rapeseed) and radish, for 5-6 months on sludge-polluted soil containing 444 
mg/kg Zn and 13.6 mg/kg Cd ? pH 6.6. The maximum zinc concentration in the 
above-ground biomass of T. caerulescens was 6500 mg/kg. T. caerulescens had 
5 the highest rate of zinc removal from the soil extracting 30 kg/ha zinc. 

In view of the results obtained with known zinc and cadmium 
hyperaccumulating plants, it would be desirable to have larger and/or more 
vigorous hyperaccumulator plants that could remove more metals from soil more 
efficiently for phytoextraction for value and for soil decontamination wherein 
y 0 metal recovery from the plants is not cost effective, but the process effectively 

^ removes soil contaminants. Generally, for phytoremediation and/or 

pi phytoextraction, the soil contains greater than about 1 .0 ppm to about 1 0,000 ppm 

m Cd and/or greater than about 300 ppm to about 1 00,000- 1 50,000 ppm Zn. 

1 5 Summary of th e In vent ion 

,; ^ Accordingly, this invention relates to zinc and cadmium hyperaccumulating 

^ plants and systems for recovering metals such as zinc and cadmium using 

phytoextracting techniques. 

A preferred method of recovering cadmium and/or zinc from soil 
20 containing cadmium and/or zinc comprises cultivating at least one 1\ caerulescens 

plant that accumulates cadmium and zinc in above-ground tissues and optionally 
recovering the cadmium and/or zinc produced. 

In a preferred embodiment, the at least one T. caerulescens plant 
accumulates from about 0.0 1 % ( 1 00 mg/kg) to about 0.6% (6000 mg/kg) cadmium 
25 in above-ground tissues on a dry weight basis and/or from about 0.5% (5000 

mg/kg) to about 3.0% (30,000 mg/kg) zinc in above-ground tissues on a dry weight 
basis. 

In more preferred embodiment, the at least one Thlaspi caerulescens plant 
accumulates from about 1 000 to about 6000 mg cadmium/kg above-ground tissues 
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on a dry weight basis and/or from about 1 5,000 to about 30,000 mg zinc/kg above- 
ground tissues on a dry weight basis. 

In one embodiment, the at least one T caerulescens plant is harvested as 
biomass material after accumulation of the metals and the metals are recovered 
5 from the biomass material. 

In another embodiment, the metals are recovered by drying and combusting 
the harvested biomass material to oxidize and vaporize organic material present. 

In another embodiment, the metals are recovered from the harvested 
biomass material by incineration and reduction to ash with energy recovery to 
= ;i0 produce a cadmium- and/or zinc-containing ore. 

03 In another embodiment the soil is acidified or at least one chloride salt is 

:fl added to the soil prior to the cultivation of the at least one T caerulescens plant, 

i The invention further relates to a method of decontaminating soil 

^ containing cadmium and/or zinc, comprising cultivating at least one Thlaspi 

id 5 caerulescens plant that accumulates from about 1 00 to about 6000 mg cadmium/kg 

% above-ground tissues on a dry weight basis and/or from about 5000 to about 

T: 30,000 mg zinc/kg above-ground tissues on a dry weight basis under conditions 

u sufficient to permit the at least one Thlaspi caerulescens plant to accumulate such 

amounts of cadmium and/or zinc. 
20 The invention further relates to an isolated Thlaspi caerulescens plant 

cultivated on cadmium- and/or zinc-containing soil that accumulates cadmium in 
above-ground tissue at a concentration of from about 1 00 mg/kg dry weight of the 
tissue to about 6000 mg/kg dry weight of the tissue and/or accumulates zinc in 
above-ground tissue at concentration of from about 5000 mg/kg dry weight of the 
25 tissue to about 30,000 mg/kg dry weight of the tissue. 

The invention further relates to pollen of the Thlaspi caerulescens plant. 
The invention further relates to plant having all the physiological and 
morphological characteristics of the Thlaspi caerulescens plant. 

The invention further relates to propagation material of the Thlaspi 
30 caerulescens plant. 
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In preferred embodiment, the isolated Thlaspi caerulescens plant is T. 
caerulescens G15. 

The invention further relates to cultivated Thlaspi caerulescens G75, the 
seeds of which have been deposited under ATCC Accession No. 203439. 

Brief Description of the Figures 

FIG. 1 illustrates the genotypic difference in cadmium-uptake in plant 

shoots. 

FIG. 2 is a plot showing the Cd:Zn ratio in shoots of several T. 
caerulescens genotypes harvested from zinc and cadmium contaminated soils. 

Detailed Description of the Preferred Embodiments 

In the present invention, it was discovered that certain metals can be 
selectively recovered from metal-rich soil using phytoextracting techniques 
employing plants classified as metal-hyperaccumulators. By cultivating selected 
plants on metal-rich soil, a high concentration of the metals absorbed by the roots 
is translocated to above-ground tissues, such as the stems, leaves, flowers and 
other leaf and stem tissues. This facilitates recovery of the metal extracted from 
the soil such that land contaminated with the metals can be reclaimed and the 
metals optionally harvested. 

In one embodiment, cadmium and/or zinc are recovered from soil 
containing cadmium and/or zinc by cultivating at least one T. caerulescens plant 
that accumulates cadmium and/or zinc in above-ground tissues and recovering the 
cadmium and/or zinc produced. 

In a preferred embodiment for soil remediation, the at least one T. 
caerulescens plant accumulates from about 0.01% (about 100 mg/kg) to about 
0.6% (6000 mg/kg) cadmium in above-ground tissues on a dry weight basis and/or 
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from about 0.5% (5000 mg/kg) to about 3.0% (30,000 mg/kg) zinc in above- 
ground tissues on a dry weight basis. 

In preferred embodiment for metal recovery, the at least one T. 
caerulescens plant accumulates from about 0,1% (1000 mg/kg) to about 0.6% 
(6000 mg/kg) cadmium in above-ground tissues on a dry weight basis, and/or from 
about 1.5% (about 15,000 mg/kg) to about 3.0% (30,000 mg/kg) zinc in above- 
ground tissues on a dry weight basis. 

In a more preferred embodiment, the hyperaccumulator is T. caerulescens 
G15, a subspecies of T. caerulescens, which accumulates much more cadmium 
than other zinc-accumulators or other T. caerulescens subspecies (FIG. 2). 
Specifically, this subspecies has the ability to accumulate at least about 1000 
mg/kg Cd dry shoots and at least about 18,000 mg/kg Zn dry shoots (FIG. 1). 

After cultivation, the hyperaccumulator plant may be harvested in a 
conventional fashion, i.e., by cutting the plant at soil level. The harvested 
materials may then be left to dry in much the same fashion that alfalfa is dried, so 
as to remove most of the water present in the plant tissue. After drying, the plant 
tissue may be collected from the field by normal agricultural practices of 
hay-making, incinerated and reduced to an ash with or without energy recovery. 
Alternatively, the dried plant material may be hydrolyzed with concentrated acid 
to produce sugars and the metals recovered according to U.S. Patent Nos. 
5,407,817, 5,571,703 and 5,779,164. The sugars may then be fermented to 
produce ethanoL 

As an alternative, the temperature of the off gas from the incinerator could 
be monitored such that Cd and Zn metals in gaseous form are condensed from the 
hot gasses separately from the bulk of the ash components which would condense 
at a higher temperature or lower temperature in a manner similar to distilling 
liquids and recovering different fractions at different temperatures. With normal 
ores, this is not possible in the first processing step at a smelter. But with 
phytoextraction plant incineration, the distillation would most likely be effective 
during the burning and power production. 
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As another alternative, the resulting dried plant material may be further 
treated by known roasting, sintering or smelting methods which allow the metals 
in the ash or ore to be recovered according to conventional metal refining methods 
such as acid dissolution and electro winning. 

Conventional smelting, roasting and sintering temperatures from about 
260° C to about 1000° C are sufficient to combust the dried plant material to 
oxidize and vaporize the organic material present. This leaves a residue of the 
accumulated metal with few contaminants known to interfere with metal refining. 
Further, it is expected that the concentration of other components in the ash, such 
as lead, will be lower than with conventional mined ore concentrates. 

In a preferred embodiment the plant tissue is collected, incinerated and 
reduced to ash with energy recovery. The elements in the ash of T caerulescens 
cause little interference with the recovery of Zn and Cd from the ash. The result 
is plant ash of a high grade ore. 

In an evaluation of the utility of T. caerulescens in phytoextracting zinc and 
cadmium, an initial lab study was conducted wherein twenty genotypes of T. 
caerulescens were collected from different contaminated sites. For twelve weeks, 
the collected plants were evaluated in a nutrient solution system treated with high 
concentrations of zinc and cadmium (2000 mM Zn. 40 mM Cd) and low 
concentrations of zinc and cadmium (3.16 mM Zn, 0.063 mM Cd). The nutrient 
solution system was half-strength Hoagland Solution which contains a selective 
ferric chelating agent to keep the Fe soluble in the presence of the Zn and Cd. 
Significant differences were found among the twenty genotypes tested for shoot 
zinc and cadmium concentrations, plant Cd:Zn ratio and shoot biomass, i.e., shoot 
yield. Several genotypes tested had a low tolerance for the high concentrations of 
zinc and cadmium. It was found that zinc and cadmium accumulation in shoots 
varied widely, ranging from about 20,600 to about 44,700 mg/kg Zn dry shoots, 
and about 625 to about 5510 mg/kg Cd dry shoots. The shoot Cd:Zn ratio 
(division of the Cd concentration by the Zn concentration on a mass basis) among 
the genotypes varied from about 3.0 to about 22%. 
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Several of the genotypes of T. caerulescens were subsequently tested at a 
zinc smelting site in Palmerton, Pennsylvania, where zinc smelting has occurred 
for eighty years causing extensive contamination of soils in the community 
adjacent to the smelter. This study of the selected T. caerulescens genotype group 
confirmed a wide range of zinc tolerance and a wide range of Cd:Zn ratios in 
shoots obtained from different T. caerulescens genotypes. As can be seen from 
FIGS. 1 and 2, remarkable variations in cadmium accumulation and Cd:Zn ratio 
were observed. Additionally, it was found that lower soil pH favored zinc and 
cadmium accumulation in shoots. Further, although the "Pray on" genotype (Gl 8) 
performed well with about 20 g/kg Zn dry shoots and about 200 mg/kg Cd dry 
shoots, one of the high Cd:Zn ratio genotypes, T. caerulescens G15, accumulated 
about 1 800 mg/kg Cd dry shoots and about 1 8 g/kg Zn dry shoots. 

In general, when soils contain both Cd and Zn, soil Cd will be about 0.5 to 
about 2.0% of soil Zn. For example, soils with about 150,000 ppm (about 15%) 
Zn will often not contain more than about 3000 ppm (about 0.3%) Cd. Thus, if the 
shoot yield is about 2.5% Zn, then the highest Cd one could hope to recover with 
genotypes used in most research in Thlaspi would be about 0.025%, provided the 
soil has typical Cd and Zn levels. However, G15 can reach 0.6% mg/kg Cd 
without plant injury since Genotype Gl 5 has the ability to accumulate additional 
Cd per unit Zn. Seeds of T. caerulescens G15 were deposited on November 6, 
1998, under the provisions of the Budapest treaty at the American Type Culture 
Collection, 10801 University Blvd., Manassas, VA 20 11 0-2209, and assigned 
ATCC Accession No. 203439. 

The study supports the fact that metal-accumulators with Cd:Zn ratios of 
greater than 0.05, i.e., about 5.0%, recover cadmium from soil faster than 
accumulators with ratios of less than 0.05. The higher cadmium-accumulating 
genotypes are useful for rapid phytoremediation of cadmium-contaminated soil 
which causes adverse health effects in subsistence consumers of rice or tobacco 
grown on contaminated soils as described above. 



WO 00/31308 



-10- 



PCT/US99/27731 



Although T. caerulescens G15 is capable of hyperaccumulating zinc and 
cadmium in its above-ground plant tissues, fertilizer for growth and/or weed 
control, particularly in polluted soil, can be used to increase hyperaccumulation 
because, inter alia, the ability of T. caerulescens to grow well increases when 
plant competition is limited by weed control. Preferred fertilizers are 
ammonium-containing or ammonium-generating fertilizers. The use of fertilizers 
per se is well-known, and acceptable fertilizers and protocols can be readily 
determined with no more than routine experimentation, by those of ordinary skill 
in the art. Normal soil test values for P (required for the growth of ail plants), K, 
Ca and Mg used in farming and gardening will allow the skilled artisan to obtain 
the needed information regarding fertilization for growing T. caerulescens plants. 

In addition to using fertilizers, soil acidification can increase uptake of zinc 
and cadmium as indicated above. When soil contains at or near regulatory Zn and 
Cd limits, the pH can be reduced to about 4.5 to about 6.5 to maximize metal 
uptake. At very acidic pHs, the Al and Mn present in the soil become soluble 
which in turn reduces plant yield. When the soil is particularly high in Zn and Cd, 
then the pH must be raised to insure plant survival. The soil pH can be raised to 
as high as about 9.0. Thus, the preferred soil pH ranges from about 4.5 to about 
9.0. 

To acidify the soil, acids such as organic and inorganic acids can be used. 
Examples of such organic and inorganic acids include acetic acid, aqueous 
hydrogen chloride, aqueous sulfuric acid and the like. In a preferred embodiment, 
inorganic sulfur is used to reduce the soil pH. Inorganic sulfur is oxidized by soil 
microbes to generate sulfuric acid within the soil. If the soil pH is too low, then 
bases such as limestone or dolomitic limestone, lime or dolomitic lime, hydrated 
lime or dolomitic hydrated lime or byproducts thereof that contain a calcium 
carbonate equivalent or mixtures thereof could be used to raise the soil pH. The 
concentration of acid or base to add to the soil will depend upon the initial soil pH, 
the desired final soil pH and the soil properties. One of ordinary skill in the art 
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would be able to readily determine the appropriate concentration of acid or base 
necessary using common soil analysis methods well-known in the art. 

Table 1 shows the effect of fertilizer and acidification treatments on zinc, 
cadmium and lead accumulation in T. caerulescens and in a 1993 crop of lettuce. 
5 The initial condition of the soil was highly calcareous with 25 mg/kg Cd, 475 

mg/kg Zn and 155 mg/kg Pb, The soil at the test field had become metal enriched 
by application of ash from a sewage sludge incinerator during a period when the 
sludge from St. Paul, Minnesota, was highly contaminated with cadmium from a 
Cd-Ni battery manufacturer. Lime was used to dewater the sludge, however, it 
30 prevented the sulfur treatment from acidifying the soil as much as had been 

:j expected. The very low concentration of lead in the plants confirmed the 

% experience of most researchers that lead hyperaccumulation is not likely to be 

^ possible when adequate phosphorus is provided. Phosphorus inhibits lead 

translocation from roots to shoots and thus, lead uptake. This inhibition is caused 
[J 5 by insoluble lead-phosphates that form in the soil or in the root cells. Further, the 

- manipulation of phosphorus is unlikely to affect Zn or Cd phytoextraction. 

Table 1 . Effect of Sulfur (S) and Nitrogen Fertilizer (N) Treatments on Metal 
Accumulation in Shoots of Thlaspi caerulescens and Lettuce on Revival Field, St. 
20 Paul, Minnesota 



Treatments Soil Metals in Thlaspi Metals in Lettuce 
S N pH Cd Zn Pb Cd Zn Pb 
mg/kg dry weight 



0 


NH 4 


7.4 


9.6 


1360 


0.5 


5.3 


58 


0.8 


0 


N0 3 


7.5 


9.4 


1260 


4.6 


4.5 


64 


0.8 


1 


NH 4 


6.7 


11.7 


3100 


1.9 


7.8 


86 


2.1 


1 


N0 3 


6.8 


8.0 


2060 


1.5 


7.5 


77 


1.7 



Normal fertilizer levels of nitrogen were added to the soil in two chemical 
forms because the pH near the roots is lowered by the addition of ammonium-N 
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and raised by the addition of nitrate-N. Sulfur was added because the soil 
contained a lot of free limestone equivalent. The amount of sulfur added was 
sufficient to significantly lower the pH without killing the plants with Zn, Cd, Mn 
or Al toxicity. Specifically, 14.5 t/ha of sulfur were added. 

Another possible additive for contaminated soil is a metal chelating agent. 
Metal chelates are commonly used in agriculture and occur naturally in living 
cells. The addition of chelating agents, such as nitrolotriacetic acid (NTA), 
ethylenediaminetetraacetic acid (EDTA), ethyleneglycol-bis-(p-aminoethylether-N, 
N-tetraacetic acid) or any of a variety of amino-acetic acids known to those of 
ordinary skill in the art as chelating agents, to the soil improves the movement of 
soil metals to root surfaces for uptake and translocation into above-ground tissues. 
Preferred chelating agents are NTA or EDTA. Typically, chelating agents are 
added at a concentration ranging from about 50 kg/ha to about 3000 kg/ha after the 
plants are established. As with the use of fertilizers, the optimum concentration 
of chelating agents can be readily determined with no more than routine 
experimentation. For example, if EDTA is preferably 10 millimoles/kg soil, then 
the amount added would be 2.92 kg EDTA/t or 2.92 t EDTA/ha since EDTA acid 
is 292 mg/millimole and one would need to add 2.92 g EDTA/kg soil to achieve 
10 millimoles EDTA/kg soil. 

An alternative which improves Cd uptake, but has little effect on Zn 
uptake, is the addition of a chloride salt that liberates free chloride ion in soil. 
However, NaCl repeatedly added to soil may harm the soil. Chloride forms a 
complex with Cd (inorganic monochloro-Cd and dichloro-Cd-Cd at levels of 
chloride tolerated by plants) which increases the rate of diffusion of Cd to the root 
and causes Cd to leak into the root. Preferred concentrations of chloride result in 
a soil solution containing about 10 to about 200 millimoles of chloride per liter 
(about 10 to about 200 mM). At the high end, chloride will be toxic to even 
Thlaspi plants, but Cd removal will increase. 

This invention has been described in specific detail with regard to plants 
and methods for increasing cadmium and zinc uptake via phytoextraction. Except 
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where necessary for operability, no limitation to these specific materials is 
intended nor should such a limitation be imposed on the claims appended hereto. 

From the foregoing description, one skilled in the art can easily ascertain 
the essential characteristics of this invention, and without departing from the spirit 
and scope thereof, can make various changes and modifications of the invention 
to adapt it to various usages and conditions without undue experimentation. All 
patents, patent applications and publications cited herein are incorporated by 
reference in their entirety. 
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INDICATIONS RELATING TO A DEPOSITED MICROORGANISM 

(PCT Rule 13 to) 



A. The indications made below relate to the microorganism referred to in the description on page 9, lines 1 1 and 20 , 



B. IDENTIFICATION OF DEPOSIT Further depos.ts are .dentified on an additional sheet □ 

Name of depository institution 

American Type CuJiure Collection (ATCC) 



Address of depository institution (including postal code and country) 
10801 University Boulevard 
Manassas, Virginia 201 10-2209 
United States of America 



Date of deposit 




Accession Number 


6 November 1998 




203439 


C. ADDITIONAL INDICATIONS (leave 


blank if not applicable) Thj s information is continued on an additional sheet □ 



Thlaspi Caerulescens G15 



D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (ifihe indications are not for all designated States) 



E. SEPARATE FURNISHING OF INDICATIONS (Leave blank if not applicable) 

The indications listed below will be submitted to the international Bureau later (specify the general nature of the indications, e.g., 
"Accession Number of Deposit") 



For receiving Office use only 



O This sheet was received with the international application 



Authorized officer 



For International Bureau use only 



□ This sheet was received by the International Bureau on: 



Authorized officer 



Form PCT/RO/ 134 (July 1992) 



Pctrol34.jp 
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What Is Claimed Is: 

1 . A method of recovering cadmium and/or zinc from soil containing 
cadmium and/or zinc, comprising: 

(a) cultivating at least one Thlaspi caerulescens plant that 
accumulates from about 1 000 to about 6000 mg cadmium/kg above-ground tissues 
on a dry weight basis and/or from about 1 5,000 to about 30,000 mg zinc/kg above- 
ground tissues on a dry weight basis under conditions sufficient to permit said at 
least one Thlaspi caerulescens plant to accumulate such amounts of cadmium 
and/or zinc; and 

(b) recovering the accumulated cadmium and/or zinc. 

2. The method of claim 1 , wherein the accumulated cadmium and/or 
zinc is recovered by harvesting said at least one Thlaspi caerulescens plant as 
biomass material after accumulation of cadmium and/or zinc and recovering said 
cadmium and/or zinc from said biomass material. 

3. The method of claim 2. wherein said cadmium and/or zinc is 
recovered from said biomass material by drying and combusting said harvested 
biomass material to oxidize and vaporize organic material present. 

4. The method of claim 2, wherein said cadmium and/or zinc is 
recovered from said biomass material by incineration and reduction to ash with 
energy recovery to give a zinc- and/or cadmium-containing ore. 

5 . A zinc and/or cadmium-containing ore produced by the method of 
claim 4. 
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6. The method of claim 1, wherein said at least one Thlaspi 
caerulescens plant is Thlaspi caerulescens GJ5 7 the seeds of which have been 
deposited under ATCC Accession No. 203439. 

7. The method of claim 1, wherein the soil is acidified prior to 
cultivation. 

8. The method of claim 1 , wherein at least one chloride salt is added 
to the soil prior to cultivation. 

9 An isolated Thlaspi caerulescens plant cultivated on cadmium- 
and/or zinc-containing soil that accumulates cadmium in above-ground tissue at 
a concentration of from about 100 mg/kg dry weight of said tissue to about 6000 
mg/kg dry weight of said tissue and/or accumulates zinc in above-ground tissue 
at concentration of from about 5000 mg/kg dry weight of said tissue to about 
30,000 mg/kg dry weight of said tissue. 

10. The isolated Thlaspi caerulescens plant of claim 9, wherein the 
genotype is T. caerulescens G15. 

1 1 . Pollen of the plant of claim 9. 

12. A plant having all the physiological and morphological 
characteristics of the plant of claim 9. 

13. Propagation material of the plant of claim 9. 

14. A Thlaspi caerulescens G15 seed as deposited with the ATCC 
having Accession No. 203439. 
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1 5 . Cultivated Thlaspi caerulescens G15, the seeds of which have been 
deposited under ATCC Accession No. 203439. 

16. A method of decontaminating soil containing cadmium and/or zinc, 
comprising cultivating at least one Thlaspi caerulescens plant that accumulates 
from about 100 to about 6000 mg cadmium/kg above-ground tissues on a dry 
weight basis and/or from about 5000 to about 30,000 mg zinc/kg above-ground 
tissues on a dry weight basis under conditions sufficient to permit said at least one 
Thlaspi caerulescens plant to accumulate such amounts of cadmium and/or zinc. 
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